[Purpose] The aim of this study was to investigate the effects of hypothyroidism on femoral cartilage thickness by using ultrasound, which has been found to be useful in the early diagnosis of knee osteoarthritis. [Subjects and Methods] Forty patients diagnosed with hypothyroidism and 30 age-, gender-, smoking status, physical activity-, and body mass index-matched healthy subjects were enrolled. The thickness of the femoral articular cartilage was measured using a 7-to 12-MHz linear probe. Three mid-point measurements were taken from each knee at the lateral condyle, intercondylar area, and medial condyle.
INTRODUCTION
Osteoarthritis (OA) is a chronic musculoskeletal disease characterized by loss of articular cartilage and changes in the subchondral bone. It is becoming increasingly prevalent worldwide because of its association with aging. OA of the knee is a common cause of pain and disability. Several risk factors (e.g., age, female gender, hypothyroidism, race, genetic susceptibility, and obesity) are associated with OA 1) . Hypothyroidism is a syndrome resulting from thyroid hormone deficiency 2) . Thyroid hormones might be of key importance in the maintenance of articular cartilage and play a role in the pathogenesis of OA 3) . Radiographic OA is characterized by osteophytes, sclerosis, and joint space narrowing, which is a result of cartilage erosion and subchondral sclerosis 4) . Ultrasonography is also used to evaluate the condition of the articular cartilage, and pre-OA evaluation of the knee by ultrasound may have prognostic value 5) .
The aim of the present study was to investigate the effects of hypothyroidism on femoral cartilage thickness by using ultrasound, which is a valid and reliable method in this regard and has previously been found to be useful in the early diagnosis of knee OA 6, 7) .
SUBJECTS AND METHODS
Forty patients diagnosed with hypothyroidism and 30 age-, gender-, body mass index (BMI)-, smoking status-, and physical activity-matched healthy subjects were enrolled. The demographic and clinical features of all participants were recorded. Subjects with a history of knee trauma or previous knee surgery; additional (other than hypothyroidism) systemic and/or chronic diseases including diabetes mellitus and rheumatoid arthritis; and any abnormal laboratory results regarding renal, hepatic, thyroid, or parathyroid function were excluded. All subjects were informed about the study procedure, and they provided consent to participate.This study was approved by the local ethics committee of Recep Tayyip Erdogan University Medical School.
The thickness of the femoral articular cartilage was measured using a 7-to 12-MHz linear probe (Eizo Nanao Corporation, Esaote, Italia) while the subjects comfortably sat on the examination table with their knees in maximum flexion, and the probe was placed in the axial plane on the outer edge 6, 8) . Three mid-point measurements were taken from each knee, from the right lateral condyle (RLC), right intercondylar area (RIA), right medial condyle (RMC), left medial condyle (LMC), left intercondylar area (LIA), and left lateral condyle (LLC) (Fig. 1 ). The cartilage thickness was interpreted as the distance between the thin hyperechoic line at the synovial space/cartilage interface and the sharp hyperechoic line at the cartilagebone interface 7) .
All statistical analyses were performed using SPSS version 16.0. Data were expressed as mean ± standard deviation. The normal distribution of continuous variables was tested using the Kolmogorov-Smirnov test. Student's t-test was used to compare normally distributed data, and the Mann-Whitney U test was used to compare non-normally distributed data. The χ 2 test was used to compare qualitative parameters. Statistical significance was set at p<0.05.
RESULTS
Eighty knees of the 40 patients with hypothyroidism (29 females and 11 males) and 60 knees of the 30 healthy subjects (22 females and 8 males) were examined in this study. The demographic characteristics of the participants are shown in Table  1 . The mean age of the patients with hypothyroidism was 25.50 ± 3.34 years, while that of the healthy subjects was 24.46 ± 3.15 years (p>0.05). The mean BMI of the former was 26.38 ± 1.38 kg/m 2 , while that of the latter was 25.45 ± 3.06 kg/m 2 (p>0.05). The mean disease duration in the patients with hypothyroidism was 30.32 ± 15.41 months. Gender, smoking status, and physical activity were similar between the groups (p>0.05 for all). Table 2 shows the femoral cartilage thickness values for all participants. Patients with hypothyroidism had thinner femoral cartilage than the healthy controls at all measurement sites, but the differences were not statistically significant except in the case of the LMC (p<0.05). 
DISCUSSION
Hypothyroidism is known to be associated with OA and inflammatory forms of arthritis and connective tissue diseases, which can cause arthritis 9) . The clinical findings of hypothyroidism include epiphyseal disgenesis, aseptic necrosis, and viscous non-inflammatory arthropathy particularly affecting the knees, wrist joints, and hands 10) . The thyroid hormones are essential for endochondral ossification and stimulating the expression of the gene that controls chondrocyte maturation and matrix synthesis 3) . Further, thyroxine (T4) is a potent stimulator of chondrocyte differentiation 11) . Mature chondrocytes in the cartilage synthesize type II collagen and proteoglycans, which begin to degradation in early OA. As this degradation progresses, the bony cartilage gets thinner 12) .
Hypothyroidism is one of the causes of secondary OA 13) . OA involves the entire joint, including the subchondral bone and articular cartilage, and the prevalence of periarticular soft tissue lesions is high 14, 15) . Cartilage defects are commonly found on arthroscopy in individuals with knee OA 16) . In addition to degradation and loss of the articular hyaline cartilage, progressive thickening, remodeling, and sclerosis of the subchondral bone; formation of osteophytes; and chronic inflammation of the synovial membrane are other features of OA 17) .
Ultrasound is an inexpensive noninvasive method for imaging the musculoskeletal system that is readily accepted by patients. It can be provide information about the joint cartilage, synovitis, periarticular soft tissues, and bony cortical abnormalities in peripheral joints with OA. It seems to be a promising and accurate method for monitoring cartilage response to drug therapy in OA 18) . Ultrasonography has also enabled quantitative assessment of articular cartilage thickness. Cartilage defects may predict cartilage loss in asymptomatic knee OA and can indicate early OA, which is demonstrated by a loss in the sharpness of the margin 19) . Lee et al. reported a significant correlation between ultrasonographic measurements and histologic grading of OA femoral condylar cartilage 6) . A previous study reported that low hemoglobin levels had a negative effect on femoral cartilage thickness as detected by ultrasonography in healthy subjects 20) . Ultrasound is also useful to monitor the effect of biologic therapy in rheumatoid arthritis and can be used to evaluate both inflammatory and destructive changes 21) . Tsai et al. suggested that ultrasound could be used to monitor changes in the cartilage of patients with rheumatoid arthritis 22) , and Tunc et al. revealed that the femoral cartilage is thinner on the hemiparetic side of stroke patients 23) . The results of the present study show the negative effects of hypothyroidism on the thickness of the distal femoral cartilage. To the best of the authors' knowledge, this is the first study exhibiting thinning of the distal femoral cartilage in correlation with hypothyroidism.
The present study has some limitations. The sample size was relatively small, and only the thickness and not the volume of the cartilage was measured, although it has been shown that differences in cartilage volume result primarily because of differences in joint surface areas (epiphyseal bone size) rather than cartilage thickness 24) .
Overall, on the basis of the study findings, patients with hypothyroidism seem to have thinner femoral cartilage. Thus, the presence and severity of femoral cartilage thinning may be useful for early diagnosis of knee OA. Ultrasonography is a noninvasive, cost-effective method to measure the thickness of the articular cartilage, and screening of joint cartilage by ultrasonography may enable early diagnosis of knee OA in patients with hypothyroidism. 
